A one-pot two-stage interaction of acyclic β-ketoesters, dimethylformamide dimethylacetal (DMFDMA) and 2-cyanomethylbenzimidazole was studied. Carried out under microwave irradiation in 2-propanol in the presence of piperidine, this transformation leads to the formation of 4-cyanobenzo [4, 5] imidazo [1,2-α]pyridine-2-carboxylates, whereas at room temperature in methanol in the presence of sodium methylate 1-hydroxybenzo [4, 5] imidazo[1,2-α]pyridine-4-carbonitriles are formed. Intermediate enamines initially formed from β-ketoesters and DMFDMA attack methylene group of 2-cyanomethylbenzimidazole followed by heterocyclizaton. In the presence of piperidine the benzimidazole nitrogen atom attacks the keto group of the β-ketoester fragment, whereas in the strong basic conditions cyclization occurs by the ester group.
Introduction
Multicomponent and one-pot multistage heterocyclzations are powerful tools to create a chemical complexity and increase molecular diversity of small drug-like molecules [1] [2] [3] [4] . An accelerated research in this field has been driven by the fast development of the high-throughput biological screening and combinatorial chemistry. Since the simple variations of the widely known multicomponent reactions are largely investigated the more and more complex and polyfunctional starting buildingblocks are involved in the studies of such processes [5] [6] [7] . A special attention here should be paid to the problem of selectivity and efficiency of such transformations, since the presence of several reaction centers in one building block often leads to an ambiguous reaction outcome.
Working in this field we studied previously several variations of a one-pot reaction between α-CH 2 -carbonyl compounds, dimethylformamide dimethylacetal (DMFDMA) and active methylene nitriles giving a great diversity of heterocyclic compounds of different classes [8] [9] [10] [11] [12] [13] . Selectivity and pathways of such transformations depend on both the reaction conditions and the structure of initial compounds. Nature of substituents in α-carbonyl CH-acids and methylene components also makes contribution into the determination of the reaction pathway in this process. All these factors can be used for the selectivity control in such reactions. In most of the above cited publications cyanoacetic acid amides and related acyclic derivatives of this acid were used as the active methylene nitriles [14] . However, heteroaryl substituted acetonitriles also have significant potential for the construction of complex heterocyclic systems in this approach [15] . One of the most commonly used reagent of this type, 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (4), applied widely for construction of benzimidazole derivatives fused with various heterocycles [16, 17] . Recently we used its reactivity within the discussed above synthetic approach using cyclic 1,3-dicarbonyl compounds of type 1 as the starting α-CH 2 -carbonyls (Scheme 1). This condensation was found to be a highly selective process leading to 4-oxo-1,2,3,4-tetrahydrobenzo [4, 5] imidazo[1,2-a]quinolin-6-yl cyanides (5) [18] .
In this work we aimed to apply acyclic β-ketoesters in one-pot reaction with DMFDMA (2) and 2-cyanomethylbenzimidazole 4. 
Results and Discussion

Search for optimal reaction conditions
Since the interaction between 1,3-cyclohexanediones 1, DMFDMA (2) and 2-cyanomethylbenzimidazole 4 is a highly selective process, an analogous reaction applying acyclic β-ketoesters 6 as representatives of 1,3-diketocompounds was also expected to give the corresponding benzo [4, 5] imidazo[1,2-a]pyridine-4-carbonitrile derivatives. For our initial experiments we chose ethyl acetoacetate (6a) as the simplest representative of acyclic β-ketoesters that on the first stage reacted with DMFDMA 2 (2.5 mmol of each reagent) to give enamine 7a (Table 1) according to the known method [8] with the reaction time prolonged up to 10 min to increase the conversion extent (reaction monitored by GC-MS). On the second reaction stage an equivalent amount of nitrile 4 was added and the reaction conditions for this interaction were further screened. Generally, the reaction product was isolated as precipitate and analyzed by 1 H NMR to make a fast conclusion of the reaction outcome. The analysis of filtrates were performed for selected cases and discussed below.
The second stage in aqueous media carried out by analogy to Scheme 1 at room temperature or under microwave heating gave negative results: the starting nitrile 4 or its mixtures with by-product 12 were isolated (Table 1 , Entries 1-3). Application of i-PrOH instead of water allowed us to detect the expected formation of 8a in admixture with the starting nitrile 4 in low yield (Entries 4-8). The use of piperidine as catalyst in i-PrOH under microwave irradiation at 100 ºC during 5 min [8] resulted in formation of pure expected product 8a, but the isolated yield was again very low (12%, Entry 9). Further experiments with catalytic amounts of piperidine, its stoichiometric quantities and excess at higher temperatures (Entries [10] [11] [12] [13] [14] showed that under such conditions increasing amounts of the undesired by-product 10a appeared in the isolated material. The reaction carried out at 160 °С during 20 min under microwave irradiation gave the pure by-product (10a, Entry 15). Its identification will be discussed later, and its formation can be rationalized as a result of enamine 7a decomposition in the reaction mixture at higher temperatures returning the initial ester 6a followed by its reaction with 4. Further optimization steps at room temperature during 48 h or at lower temperatures under microwave irradiation with longer reaction times (Entries 16-26) led to elucidation of optimal conditions, resulted in the pure product (8a) formation in a moderate yield (37 %, Entries 18 and 24). At the same time, attempts to carry out the reaction under reflux conditions or with ultrasonic activation (exampled by Entries 27 and 28) did not give better results.
In our further attempts to find more efficient reaction conditions we used different basic catalysts. Application of triethylamine and K 2 CO 3 led to formation of 8a (Entries 29-31) but in lower yields than for the cases with piperidine or with large amounts of admixtures. Interestingly, the use of stronger bases (NaOH, t-BuOK, MeONa) resulted in formation of a product 13a in a new alternative reaction (Entries 32-35) and the use of MeONa at room temperature allowed the isolation of 13a in 44% yield (Entry 34). 
Reactions involving various β-ketoesters
Based on our results obtained with ethyl acetoacetate 6a, we further used different other β-ketoesters 6b-j in similar one-pot transformations. From the initial experiments on this research stage it became clear that the reaction outcome strongly depends on the nature of the starting β-ketoester and requires additional optimization steps to obtain an individual product with a reasonable yield. Thus, the progress of reactions was monitored by TLC, and the reaction times and temperatures under microwave heating were tuned to ensure the disappearance of the initial nitrile 4 ( Table 2 ). The isolated yields over two reaction steps were generally moderate, a good yield (51%, Entry 8) was achieved only in the case of ethyl 3-(3-chlorophenyl)-3-oxopropanoate (6i). At the same time the yields for other aromatic β-ketoesters were lower, especially for those ones containing electron donating substituents in aromatic ring (6g, 6h, and 6j, Entries 6, 7 and 9). Such influence of the donating substituents can be racionalized as increasing the electron density on the ketone carbon atom that should decrease the electrophilic properties of the carbonyl group. An attempt was made to carry out the reaction between enamine 7f and nitrile 4 in glacial acetic acid [19] under reflux conditions. After 1.5 h the reaction was complete (TLC-control) resulting in the same product 8f isolated in lower yield (21%, compare with Entry 5). Table 2 . Synthesis of compounds 8b-j. Entry 18 ) in the case of β-ketoester 6g a room temperature transformation catalyzed by piperidine excess resulted in formation of piperidinum salts 15g (Scheme 2). In the case of ethyl acetoacetate such heterocyclization involving the ester group was accomplished in the presence of MeONa as much stronger base than piperidine (6a → 13a, Table  1 , Entry 34). It can be presumed that the decreased reactivity of the carbonyl group in 7g is due to the influence of electron donating methyl substituent in the aromatic ring (see above) that may result in the manifestation of the competing cyclization process involving the ester group. However, we could not isolate or even detect formation of such salts or any other product in similar reaction of 6h (with electron donating substituent, OMe) proceeded for 15 days. Thus, the reasons for the increased stability of salt 15g are not obvious. 
Scheme 2.
The products of the alternative heterocyclization were obtained for the selected representatives of β-ketoesters 6a,g,h at room temperature in the presence of sodium methylate as it is shown in Table 3 . The resulting sodium salts 13a,g,h precipitated from the reaction mixtures. Their neutralization by acetic acid resulted in formation of novel compounds 14a,g,h. In the case of dimethyl malonate 16 the second stage was carried out at room temperature in the presence of piperidine or MeONa catalysts, and for both conditions the corresponding salts 18 and 19 were obtained in moderate yields (Table 4) . Their acidification with AcOH in i-PrOH gave the neutral product 20. MeONa (2.0 equiv), MeOH (3.0 mL), r.t., 13 days 44% 15% Thus, the studied two-stage one-pot interaction allowed synthesis of individual products of different types in one-pot format. All products were obtained as precipitates with fast and facile isolation in moderate yields. Analysis of the filtrates by means of 1 H NMR method for the selected reaction mixtures in the case of ethyl acetoacetate 6a showed that the formation of the by-product 12a due to decomposition of enamine 7a is the main competing process. This transformation prevailed at elevated temperatures (Table 1 , Entries 23, 24), whereas at lower temperatures formation of unidentified admixtures was also observed (Table 1 , Entries 25, 26). The filtrate analysis for the reactions of other β-ketoesters showed similar situation. In the case of starting β-ketoesters 6c and 6b the salt 10a was detected, whereas in case 6e the formation of corresponding pure by-product 12e was observed (Table 2 , Entries 1, 2, 4).
Determination of the product structure
To determine the origin of the main admixture two possible by-products 21 and 12a were synthesized in two-component reactions of the starting reagents 4 and 6a (Scheme 3). From the comparison of 1 H NMR spectra of the obtained samples with spectra of the studied reaction product obtained at 160°C (Entry 15, Table 1 ) we assumed that compound 10a often accompanied the formation of the main product 8a, but the formation of the possible by-product 21 has never been detected in the studied reaction mixtures. However, the formation of two different structures in the course of the above described reactions is possible following two alternative reaction mechanisms (Paths A and B, Scheme 4). In the earlier papers of our group [8, 10] enamines 21 were shown to react with N-substituted cyanoacetamides 22 via intermediate formation of resonance-stabilized enolates 23 (Scheme 5) similarly to Path B (Scheme 4). The intermediates 23 were isolated as precipitates and their structure was defined in X-ray diffraction study [9] . In addition the condensation of cyclic 1,3-dicarbonyl compounds of type 1 with DMFDMA 2 and 2-(1H-benzo[d]imidazol-2-yl)acetonitrile 4 (Scheme 1) resulted in selective formation of cyanides 5 and our attempts to isolate other types of reaction products by variation of reaction conditions were unsuccessful [18] . Based on these considerations we assume that the main product obtained in the presence of piperidine (Tables 1,2 ) is formed by Path B (Scheme 4) and formulated as 8.
Routine spectral data can not allow the unambiguous structural assignment for the by-product, and the products of the alternative reaction, and structural pairs: 8 and 8', 13 and 13', 14 and 14' have to de distinguished using the additional spectral study. To resolve this structural issue for the main by-product (12 or 12' ) and the product of alternative direction (14 or 14') we used APT, HSQC and HMBC methods for representatives 12a, 14a and 14g. In HMBC spectrum of the main by-product (Figure 2 ) the expected correlations for 12a between the signals of the methyl group protons and the quaternary 4-C carbon signal was observed that proves the close disposition of the methyl group and pyridine carbon in position 4, which is impossible for 12'a. For 14a and 14g, (Figures 3 and 4) HMBC correlation between the 4-CH proton signal and the carbon signal of the CN group, clearly showed the close disposition of the nitrile group with the mentioned proton strongly supporting the suggested structures 14a and 14g.
Conclusion
The studied one-pot two-stage interaction of acyclic β-ketoesters, DMFDMA and 2-cyanomethylbenzimidazole 4 was found to have low regioselectivity and give unambiguous results. The piperidine catalized process results in formation of esters 8 due to heterocycle ring closure with participation of β-ketoester keto group and the benzimidazole amino function. In the presence of a stronger base, MeONa, the ring closure involves the ester group of 6 and benzimidazole nitrogen atom. Both reactions follow Path B (Scheme 4), and in our opinion, after the formation of intermediate 25 in the presence of piperidine (for the most cases) the benzimidazole nitrogen atom attacks the keto group of the β-ketoester fragment as a relatively softer electrophilic center compared to the competing ester function to form compounds 8. The change of the reaction detraction in the presence of an excess of the strong base (MeONa) can be rationalized by the effect of two unidirectional factors. In this medium deprotonation or even double deprotonation of the intermediate 25 is probably possible, and the enolate formation is worsen significantly the hydroxyl group properties as a leaving group. More over, in accordance with HSAB theory, the formed much harder nucleophile (benzimidazole N -) would attack the harder electrophilic center, the ester group to form compounds 14. The side products of a type 12 are formed due to decomposition of the intermediate enamine 7 at the reaction conditions returning the initial ester 6a with its consequent reaction with 4. Figure 2 . HMBC spectrum fragment for compound 12a (APT and 1 H NMR spectra were laid out on the vertical and horizontal axis, correspondingly). 
Experimental section
General information
The structure of all the obtained compounds was confirmed using 1 H NMR spectroscopy. Selected representatives were analyzed by means of IR spectroscopy, mass-spectrometry, LC-MS and elemental analysis, 13 C NMR, APT NMR as well as HSQC and HMBC correlation NMR spectroscopy. NMR spectra were recorded on a Bruker Avance drx 500MHz (126MHz for 13 C NMR; Bruker Spectrospin Ltd., Coventry, United Kingdom), Varian MR 400MHz spectrometer (100MHz for 13 C NMR), and Varian Mercury VX 200MHz (Varian Inc., Palo Alto, CA) using DMSO-d 6 as a solvent and residual solvent signal as the reference (TMS scale). IR spectra were recorded on a Perkin Elmer Spectrum One FTIR spectrometer (PerkinElmer, Inc., Shelton, CT) (in KBr pellets). Mass spectra were recorded on a Varian 1200L GC-MS instrument with the use of direct exposure probe method with 70 eV EI ionization. LC-MS analyses were carried out with the use of chromatographic/mass-spectrometric system, which consist of HPLC chromatograph equipped with diode matrix and mass-selective detector, in the atmospheric pressure chemical ionization (negative or positive APCI) mode, simultaneous scanning of positive ions in mass diapason 80-1,000 m/z. Elemental analysis was performed on a EuroVector EA-3000 instrument. Melting points were measured in open capillary tubes and are uncorrected. Microwave experiments were carried out using the EmrysTM Creator EXP from Biotage (Uppsala, Sweden) in sealed microwave process vials (for maximum 2.5mL of the reaction mixture) utilizing the "High" absorbance level (150W maximum power) and a monomode Anton Paar Monowave 300 microwave reactor (2.45 GHz) in G4 (for maximum 2.5 mL of the reaction mixture) microwave process vials. Reaction times under microwave conditions correspond to the time of reaction mixture was kept at the designated temperature. After completion of the reaction, the vial was cooled to 50°C by air jet cooling. Reaction temperatures were monitored by an IR sensor. All reagents including β-ketoesters 6a-j, dimethyl malonate 16 and 2-cyanomethylbenzimidazole 4 and solvents were purchased from commercial suppliers and used without further purification.
General procedure for preparation of 4-cyanobenzo [4, 5] imidazo[1,2-a]pyridine-2-carboxylates (8a-j). Enamines 7a-j were obtained by reaction of neat β-ketoesters 6a-j (2.5 mmol) with DMFDMA (297 mg, 2.5 mmol) heated under microwave irradiation at 100°С during 10 min (20 min for enamine 7h). Than 2-cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol), piperidine (1.0 equiv, 2.5 mmol, 213 mg) and 2.0 mL of i-PrOH were added to the obtained mixture. The vial was encapsulated and heated again under microwave irradiation (Table 2) . After cooling, the precipitate obtained was filtered off and washed with Et 2 O or t-BuOMe, then dried on air. For 8h the product was isolated from the filtrate that was evaporated in vacuum, and than diluted with 10.0 mL of cold i-PrOH, the precipitate obtained was filtered off, washed with i-PrOH, then dried on air. -1-olate (10a) . Ethyl acetoacetate 6a (325 mg, 2.5 mmol), 2-cyanomethylbenzimidazole 4 (393 mg, 2.5 mmol) and 0.8 mL of i-PrOH were mixed. The vial was encapsulated, and the reaction mixture was heated under microwave irradiation at 160°C during 20 min. After cooling under stirring, the product was upsetted with water; precipitate obtained was filtered off and washed with water, then dried on air. Yield 42% (323 mg).
Procedure for preparation of 1-hydroxy-3-methylbenzo [4, 5] imidazo[1,2-a]pyridine-4-carbonitrile (12a). Isolated product 10a (100 mg), 1.0 mL of i-PrOH and 1.0 mL of glacial acetic acid were mixed, the reaction mixture was stirred at room temperature for 1 h, precipitated solid was filtered off, washed with water, dried on air. Yield 81% (58 mg). 
